Abstract Life Course Theory (LCT) is a framework that explains health and disease across populations and over time and in a powerful way, conceptualizes health and health disparities to guide improvements. It suggests a need to change priorities and paradigms in our healthcare delivery system.
Introduction
Life Course Theory (LCT) is a framework that explains health and disease across populations and over time [1, 2] . It is a powerful way to conceptualize health and health disparities to guide improvements in health. It suggests a need to change priorities and paradigms in our healthcare delivery system. Currently, population health strategies tend to focus on society as a whole with proactive approaches to improve health. Most current clinical strategies are disease-specific and individual-focused; reactive rather than proactive and preventive. Translation of LCT to optimal health outcomes requires the integration of population health and disease-specific strategies and the recognition of the multiple influences on health.
The current United States policy environment, as well as the state of scientific and technological advances, makes it an opportune time for the translation of LCT to practice. The emphasis of the Affordable Care Act on prevention and the medical home model are in line with LCT tenets. New scientific tools and new knowledge around biologic, psychosocial and environmental influences on health are improving our ability to understand determinants of health and predict and prevent disease. This includes infectious disease tools for prevention like immunizations, genetic tools to predict future health, and knowledge on the interaction between biology and the environment influencing health at both the individual and population levels.
In ''Rethinking Maternal and Child Health: The Life Course Model as an Organizing Framework,'' Fine and Kotelchuck offer three areas for this rethinking: (1) recognition of context and the ''whole-person, whole-family, whole-community systems approach''; (2) longitudinal approach with ''greater emphasis on early (''upstream'') determinants of health''; and (3) need for ''developing integrated, multi-sector service systems that become lifelong ''pipelines'' for healthy development'' [1] . This paper presents promising clinical practice innovations in these three areas of LCT rethinking and discusses the barriers and facilitators to implementation.
Whole Person, Family and Community Approach
Individuals live within the context of their family, community and physical and social environment. To address the health needs of the whole person, family and community, it is critical to involve community members in setting priorities and developing approaches. An important initial step is to conduct a community health needs assessment and to involve community members in improvement efforts. For instance, to address the socioeconomic determinants of health, Danis et al. [3] asked low income community residents in an urban city to prioritize needed services to improve their health. The interventions prioritized by the greatest percentage of participants included health insurance, housing vouchers, dental care, job training, adult education, counseling, health behavior incentives and job placement. Understanding the perspective of community members and broadening the conceptualization of health services should guide next steps of planning services and strategies.
One model to address the multiple determinants of health is to increase the comprehensiveness of services provided in primary care practice or medical home. The medical home, developed in pediatrics and now endorsed by leading professional organizations in medicine [4] , is a patient and family-centered partnership where interdisciplinary care is provided in a primary care setting. Ideally, preventive, acute and chronic care services are provided. Attributes of the medical home include continuity of care over time and comprehensive, coordinated, compassionate and culturally effective care [5] . It is care for the whole person within the context of their family and community.
The Johns Hopkins Children's Center Harriet Lane Clinic (HLC) provides an example of a comprehensive pediatric medical home model. The HLC has served the needs of Baltimore City residents for nearly 100 years. It is the medical home to 8,500 infants, children and adolescents of which about 40 % have at least one chronic condition. When families were queried about their social needs, employment, education, child care, food, and housing were the most frequently cited [6] . Parents and clinic staff recognized that child health is inextricably linked to the basic needs of the child and the health of their family. When the clinic parent advisory board was asked about services they felt would benefit their children's health, they identified dental care, educational supports, parenting support, mental health and safe environments and activities for their children and adolescents. Again, addressing the whole child including their physical, mental and social well being and optimal development must be priorities.
With community organization partnership, hospital and foundation funding support, the clinic has developed innovative and value-added ''wrap around'' services not typically found in other pediatric primary care clinics (see Fig. 1 ). It is a comprehensive, integrated primary care model for predominantly poor, urban families providing medical care and an array of on-site health-related services including: medical and dental care, mental health evaluations and treatment, case management programs for children with special health care needs, developmental evaluations, nutrition and lactation services including an on-site Women, Infants and Children (WIC) Supplemental Food and Nutrition Program, universal screening for family social needs and risks, screening and surveillance for child developmental and educational issues, screening and services for mothers experiencing depression and intimate partner violence, legal aid with a full time lawyer, Safety Lane Injury Prevention Center with a full time health educator and hands-on experiential modules, fitness and nutrition program to address child and adolescent obesity, Reach Out and Read child literacy and adolescent literacy programs, Healthy Futures Tutoring and Career Counseling Programs, Health LeadsÓ Family Help Desk staffed by undergraduate volunteers, social work services, child life services, adolescent specialty care and reproductive health services, adolescent transition services, and intensive primary care program for children and adolescents with HIV.
Evaluation of components of this comprehensive approach demonstrates promising outcomes. For instance, a randomized trial of the career counseling program has found that adolescents who were part of the motivational interviewing intervention were more likely to have greater future orientation and reduced fighting behavior and marijuana use than those who were not part of the program [7] . Families who received injury prevention counseling from their child's clinicians and visited the clinic's on-site Safety Lane safety resource center implemented more home safety practices than a comparison group [8] . Parents referred by their child's providers to the on-site Health LeadsÓ Family Help Desk were successfully connected to community-based services and programs [9, 10] . The HLC has also demonstrated success with maternal depression and intimate partner violence screening and linkage to care during routine well baby visits [11] . The web of services provided is guided by the needs of the patients and families served. Services address the whole patient and family and the psychosocial challenges often at the root of their health issues (i.e., the ''social determinants of health'').
The obstacles to disseminating this approach include cultural and structural barriers. Integrating physical, mental health and dental services must transcend traditional disciplinary and bureaucratic boundaries and separate reimbursement processes. Changing attitudes to recognize the model's convenience for families and advantages for general health require a collaborative interdisciplinary teambased approach. Developing mechanisms to bill for services outside of the medical realm (e.g. legal advocacy to get rid of cockroaches in the home of a child with asthma) is a continuing challenge. However, the advantages of this comprehensive medical home approach are the ability to identify and address many issues and service needs at one location and in a coordinated fashion.
Upstream Intergenerational Approach in Clinical Practice: Longitudinal and Vertical Integration
Growing research has recognized that there are early antecedents to adult disease and that it is critical to ensure prenatal and child health to avoid or delay the onset of adult disease [12] . Life course research demonstrates the power of early childhood health and experiences influencing adult conditions such as diabetes, cardiovascular disease, depression [12, 13] . For instance, the Adverse Childhood Experiences study by the Centers for Disease Control and Prevention and Kaiser Permanente has demonstrated that experiences of early adversity (childhood abuse, neglect, and exposure to other traumatic stressors) influenced many adult health outcomes (e.g. chronic obstructive pulmonary disease, heart disease, depression, alcoholism) in a strong and graded fashion [14, 15] . Upstream prevention of these early adversities has high potential for payoff in health outcomes and dollars [16] . The Harriet Lane Clinic comprehensive model addresses upstream factors by focusing early (on infants and children), engaging families and addressing social and biologic adversities. For instance, reversing adult obesity often already accompanied by co-morbidities, is a difficult challenge. However, starting early and preventing childhood overweight and obesity through healthy diet and physical activity has the potential to change the child's health trajectory and reduce risk for adult obesity, diabetes and other associated morbidities. It also encourages lifelong healthy habits for the child with additional benefit for family members.
To eliminate health disparities, attention is needed for research and preventive strategies within a life-course perspective. Halfon et al. [17] have discussed the need for service linkage pathways to integrate personal and population approaches that optimize an individual's developmental trajectory through childhood, adolescence and adulthood. They discuss the need for vertical and horizontal integration of services. Vertical integration of health services spans primary, secondary and tertiary care and different health disciplines. Horizontal integration involves the merging of health services with other service sectors including the health, social and civic sectors. Longitudinal integration of services across the age span suggests that attention to transition points is needed where handoffs or discontinuities in service providers (e.g. transition from prenatal to postnatal care or transition of pediatric to adult health care) can be challenging. Intergenerational integration of services when a woman becomes pregnant and a new child enters the family is also needed with recognition of the interdependence of the health of family members across generations. 
the individual, family and population. The first column describes the current characteristics and organization of the U.S. medical system described further below. The second column describes Life Course Theory concepts from the ''rethinking maternal child health'' white paper [1] . The third column operationalizes the clinical practice changes needed to incorporate Life Course Theory. In the U.S., clinicians and their services tend to be segmented by age (e.g. obstetrics, pediatrics, internal medicine, geriatrics), setting (e.g. primary care, emergency medicine, hospital medicine, intensive care, specialty care, long-term care) and specialized by organ system (e.g. cardiology, gastroenterology, nephrology, etc.). Segmentation of clinicians by age group allows specialization of unique developmental needs, but inhibits a life course perspective on health, development and disease. Longitudinal and vertical integration are needed across clinicians and systems specialized by age, settings, or organ systems. As new medical discoveries are made, integration is also needed to ensure efficient translation of research to practice and to populations.
Internal medicine-pediatrics and family medicine clinicians have the capacity to see patients across their life course. Family medicine clinicians also have the capacity to provide intergenerational family centered care as they can offer continuity of care when a woman becomes pregnant and provide care for both the mother and newborn. Outside of family medicine, collaboration of clinicians across patient age groups and in shared settings offers the potential for more family centered care, recognition of life course influences, smoother life course transitions and implementation of tenets of Life Course Theory.
But how can better longitudinal vertical integration occur? An example of longitudinal, intergenerational and vertical integration is a new Preconception Women's Health in Pediatrics Initiative at the Johns Hopkins University pediatric clinics including the Harriet Lane Clinic.
The purpose of this initiative is to reduce inequities in birth, infant and maternal health outcomes by promoting women's health in pediatric practices and removing barriers to preconception and interconception care for low income women. The initiative emphasizes the importance of preconception health to address infant mortality [18] and involves collaboration among obstetrician/gynecology, pediatrics and internal medicine clinicians to smooth transitions through the life course and across generations [19] . It involves the provision of the postpartum visit, family planning and, for some women, their full primary care in pediatric practice in conjunction with well baby visits [20] . The initiative eases a challenging life course transition point, the birth of a child, by addressing both the child and mother's health in a family centered way. It addresses the discontinuities of services across professions, breaking down narrowly defined professional silos, and focusing holistically on factors influencing health of the mother, child, family unit and future children. Barriers to care are reduced by providing care to the mother and child in one location and assisting low income mothers in maintaining medical insurance which transitions at 8 weeks postpartum when medical assistance ends for many. Finally, it encourages planning for a mother's next pregnancy which affects the health and well-being of the mother, child and family. Teen-tot programs have a long history of this type of model with positive outcomes for ''Developing integrated, multi-sector service systems that become lifelong ''pipelines'' for healthy development.''
Horizontal integration across sectors influencing health
Individual focus ''Population focused and firmly rooted in social determinants and social equity models''
Individual, family and population focus child and mother [21, 22] . The model provides longitudinal and intergenerational integration of services over time and vertical integration of services across medical disciplines and settings. Programs that ease transitions in care across the life course and across generations have great potential to improve the health of individuals, the health families and the health of their future children. Within the family unit the health of adults influence the health of children and vice versa. For example, maternal depression, substance use and poor physical health clearly have detrimental effects on child health [23] . Conversely, childhood pneumococcal immunization has been found to reduce carriage and infection among adults [24] . It is important to recognize the impact of interventions on individuals over time and spillover effects on families. Longitudinal and vertical integration of health services across the life course and easing transitions of care should be clinical priorities.
Service Sector Integration: Horizontal Integration
While vertical integration focuses on the traditional health system, horizontal integration involves the merging of health services with other service sectors including health, social and civic sectors. The ''health in all policies'' strategy recognizes that health is affected by programs and policies that do not explicitly address health or may not traditionally be part of the health sector [25] . This includes policies regarding housing, agriculture, transportation, the environment, and general budget priorities. Health impact assessment (HIA) has been promoted as a way to consider the effects that policies may have on health of a population. HIA has been defined as ''a combination of procedures, methods and tools that systematically judges the potential, and sometimes unintended, effects of a policy, plan, program or project on the health of a population and the distribution of those effects within the population. HIA identifies appropriate actions to manage those effects.'' [26] Examples of HIAs include assessment of new transportation policies' impact of expected traffic congestion, pollution and unintended health effects in highly populated areas or assessment of proposed zoning codes to increase health promoting potential and mitigate unanticipated negative health consequences [27, 35] . In performing health impact assessments and in the ultimate implementation of the policies or programs, sectors must work together to enhancing health across the life course. In the United States there has been a call for coordinated federal approaches for child health and well-being using a multisector approach that acknowledges that children are affected by sectors across health, education and social services [28] .
The Institute of Medicine report on Primary Care and Public Health: Exploring Integration to Improve Population Health acknowledges that integration occurs on a continuum from sectors working in isolation and in silos to different degrees of integration from mutual awareness, cooperation, collaboration, partnership to merging systems [29] . While many clinicians already work with professionals in other service sectors, there is great opportunity to move from mutual awareness to true partnership in the integration of systems. True partnership involves communication, recognition of mutual benefit and merging of systems. In the Harriet Lane Clinic's incorporation of multi-sector services it was important not simply to have co-located services, but to have integration with communication and coordination of services focusing on the health and social needs of the child and family.
Finally, integration needs to occur at the places and settings where individuals spend their time. For instance, daycare or school-based health services offer the opportunity to reach children where they spend significant time. Home visitation programs for high risk children and worksite clinics for adults are poised to grow with Affordable Care Act promotion [30] . Programs at these sites could promote wellness and prevention on an individual and population level and could become the site for the medical home or integrate with the medical home. Place-based strategies focusing on specific geographic areas and population approaches also have the potential to reduce barriers to care and promote health.
A national example of merging systems to address the needs of disadvantaged children is England's Sure Start Program. Begun in 1998, this program integrates early childhood education, childcare, family supports and child and family health services for the shared goal of ''giving children the best possible start in life'' [31] . Sure Start Local Programmes were set up as community-based, multiagency, projects in disadvantaged areas in England with an emphasis on outreach and community development. Centers provide early learning and play programs and family support integrated with health services and home visitation. The program has undergone change over the years with transition to a network of Sure Start Children's Centres. Evaluation has shown positive, if modest, effects for all child and family outcomes [32] and documented lessons learned about effective multi-agency teamwork [33, 34] . The program serves as a model of horizontal integration with recognition of the need to align goals and incentives of the different sectors and build political will to develop ''multi-sector service systems that become lifelong 'pipelines' for healthy development.'' [35] .
The Commonwealth Fund report on ''Ensuring Equity: A post-Reform Framework to Achieve High Performance Health Care for Vulnerable Populations'' [3, 6] discusses the need for vertical clinical integration of services across settings in an integrated health care delivery system. Payment reform and regulatory change explicitly encouraging collaboration and affiliation are needed. They also urge horizontal integration to foster an infrastructure of community-based support services and aligning efforts between the health care delivery system and public health services. For clinical practice this may mean working in different settings with an expanded set of team members and range of services.
A longitudinal, vertically, horizontally, and intergenerationally integrated approach requires a culture change in medicine and its traditional disciplines segmented by age, setting and specialty. It also requires a change in financing structures that currently do not incentivize an integrated approach. Growing research on early antecedents of disease and cost-effectiveness of prevention, care coordination across settings, specialties and sectors, and population health strategies all support a Life Course Theory integrated approach to clinical care. The Harriet Lane Clinic is but one model. Patient and family appreciation of available services has broadened staff and institutional perspectives on health and what can be accomplished in the clinic setting. Demonstrated effectiveness in case stories and evaluation data have influenced insurers and private funders to support the clinic's approach to reduce disparities. To translate and disseminate Life Course Theory across clinical practices will require political will, payment reform and continued development and evaluation of innovative integrated health care delivery models.
Conclusion
Growing scientific knowledge about the biologic and social influences on health support the importance and relevance of Life Course Theory. LCT can guide innovations in clinical practice to improve health across the life course and across generations. To translate theory to practice, clinicians have the opportunity to (1) address ''wholeperson, whole-family, whole-community systems approach'' by expanding practices to include services addressing social determinants of health; (2) address early ''upstream'' determinants of health to change personalized trajectories and (3) participate in efforts for longitudinal, vertical, horizontal and intergenerational integration of services and systems within the medical system and with other service sectors. LCT challenges current paradigms and priorities in clinical care but offers great potential to optimize health and reduce disparities.
